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ABSTRACT \ . ' 

environmental influences cen significantly affect 
(both .positively and Jiegatively) the developing child. Three ways in 
which the environment affects the .developing organism are induction, 
facilitation, end maintenance. In the case of induction the presence 
or absence of specific stimuli totally determines whether or not a 
particular developmental event occurs, such as sexual 
differentiation. Facilitation is apparent when the. rate and/or 
maximal level of maturation is altered, as in the cese of the 
influence of thyroid housose on the rate of cell division. The term 
maintenance refers to the presence' of any environmental factors, 
necessary^ f or the preservation of an already developed state. 
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Alternately, and in particular reference to human development, 
certain aspects of the environment, such is toxic compounds, heavy * 
metals, pesticides, food additives, and parental drug abuse may have 
predominately negative effects on the developing child. Although 
every part of the developing organism is subject to .this - 
environmental influence, -in recent years' considerable emphasis has 
been placed on the developing nervous. system. As a result of 
scientific investigations,- significant advances have- been made toward 
understanding the consequences of toxic exposure. Future research'' 
should increasingly emphasise basic research epproaches designed to 
reveal how toxicants produce their effects. In eddition, special 
attention must be given to the developing organism in any assessment 
of the consequences of neurotoxic compounds. (Author/RH> 
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ENVIRONMENTAL EFFECTS ON HEALTH 
WJTH SPECIAL EMPHASIS ON NEUROTOXICOLOGY 



, Environmental influences on child health begin at conception and continue through- 
out postnatal development Such influences (positive and negatived significantly af- 
fect immediate and future adaptation. Gott}ieb (1916) has categorized three ways in 
•*hieh the environment affects the developing organism. These are -induction, facili- 
tation, and maintenance, ( * • 

Induction is the most dramatic (and also least documented), in such a situation, the 
- presence or absence of specific stimuli totally determines whether or not a particular 
developmental event occurs. Wherwthe irMfacing stimuli occur at the appropriate 
point in. development, such stirmili^xert pc«tive value. On tr» omer inter- 
«w»wa wjthggia appropriate stimuli 'potentially leads to deleterious influences on 
child hoelthjp Except for the rote of gonadal hormones in the process of sexual 
djfjganllyien (Whitsett & Vandenbergh, 1378), flqrt evidence for inducing stimuli 
is difficult to obtain. * , . ■* 

ft is recognizee] now that sexual differentiation in mammals results from the 
presence of appropriate hormonal stimuli during precise points in development 
Dh^r^n^^^e^ oecurat the genetic, morphological, and neural levels and are 
separated across chronological age. Genetic sex is determined at die time of con- 
ception and if dependent $n the chromosc^ rar»stitutic<» of the fertilized ovum. 
Gonadal and Vteural differentiation, however, do not occur until much later in 
o^Bve^in^Morp^tegfe development of maies and females develop similarly with 
the potential for differentiation as either sex. In the absence of hormonal signals, « 
genitalia of the female develop, but in the presence of appropriate stimuli, mate 
genitalia n^gfe At an even later point in development, sexual differentiation of 
the nervouf=*ySSm occurs, In the absence'of hormonal signals, the nervous system 
proceeds to develop in a temate^ fashion, so that in adulthood; the potential for 
cyclic fluctuations in gonadal and pituitary hormones typical of tife female repro- 
ductive cycle eowr. If; however, hormones (e.g., estrogens) ant present, an acyclic , 
nervous system characteristic of the rnale develops. The Inducing hormone for male- ' 
like nervous* system differentiation appears to he-sstitxjeri which enters the brain as 
testosterone and thereafter is converted to estrogens. f 

Because sexual differentiation occurs in at least three separate stages, it is possible 
for genetic males to develop as morphological females or vice versa and for morpho- 
logical and neural sex to be discoocordant The fatal androgenizaffon syndroms 
«8dHy demonstrates the importance of an appropriate maternal environment for the 
envelopment of tiis.fsjus. In this situation, the mother is %fieJfnt in adrenal cor-' 
tkosteroids and, tfwefort, the-aWopriate negative feedback systems to the pitui- 
tary are inoperative. As a cortseoArisn^overprootetion of other adrenal steroids (of 
which estrogen and progesterone are included) occurs and.male-like differentiation 
of the fetus takes place. ~ " r """ 

h|m^ e^lfofimentll stimuli (e.g., noise, crowding, etc.) may be stressful to 
the m other, chronic elevation of adrenal secretions is a potential source of inter- 
ference with appropriate inducing stimuli for sexual differentiation (Joffe, 1978). 



FurAermora, enytronmental pollutants, such as DOT, Kepone, iead, etc.. also may ' 
afftxt sexual differentiation. Both DOT and Kepone appearj^it a mildWo- 
flenicrty, and Kepone exerts, clear masculinizing effects on. females when admin- 
»gr«l neonatatly during the critical period lor neural sexual differentiation (Getlert, .. 

Facilitation isapparent not when the environmental stimuli influence, whether or * 

^IS^SS T^*" oceur ' bMt v*entherate'and/or.maximal.levet 9 f matura- 
tion is altered. Notable, examples of facilitation include the effect of thyroid 
hormone on the rata.of cell division and migration and the rote of visual and/or 
. auditory stimuli in <W functioning of the respective sensory systems. Foremost- 
^top*nero^_pm^ . 

2: — -S^^SST*- *amatie*tty. For example, the devefopmem of 

Sj^Sf i? S*^3 m synehronized fashion. Purkinje cells develop . 

SPt «ndergo*ejr finat developmental events until they are 

another ce& populatiott; the migrating granule cells. These cells 

dewitap ^ ^ext* nat^gr^ celt layer end; as th^y migrate i mvard to their final 

%'°^ t '°" in Jf* ***** layer, they stimulate the waiting Purkinje cells to 

' ^^Sr.^^ 160 »tttrthyroxin» drasticallv 

alters the time at which the granule celts migrate erfd, as a consequence, dlsrMih*^ 

K*s^ 

g^^w^' Wnal environmental events accelerate the organism's ability to 
JJW© environmental challenges. Thus, ^ experience with stress leads to the- 
doveJOi^t of^ organism b«fer;*bl* to adapt to novel stimuli tls&m, 
end environmental enrichment facilitates acquisition of maze skil!s (Rmmm«u& 
Bennett. 1S». Similarly, |^4fc*SS5^ 
SJ?_S^ P ^ ,, § e t» sBisSry Input ^^IINhx»ito«^,tiB^.roYmost 

mm. O y*m th» range, however, appropriate adaptation may be stunted. Many 

^l^f^^^.*^ S ^^/^havadisrS 
2*eoajnch^ heaitii. For exajBotei wMte developing infants require sensory 
SSif ^_^mm^ f^ fwegoh'tqg of fre^eheprv apSaft^?. 
S^^S^^^| rt **^^* pi *^** ol ^ n incrt ase sensory stimuli above 
tne As a cona^wp^ ^ ti^^^owy i^ond by frrttattlh^, hyper- 

or even The appropriate configuration of environmental 




•nvironm^nt i« ifc* «~ " ^5^*«*««aW| effectofthe 
em«ro^n\ ^arwrowiwiit^oas not influence whether or not, or 

™ W^*^|N«anet^ tie environmental factor isneW 




• ^ ]^? l# / f w if W»^ Nrticular beneficial effect on the 

, . individual. , A decade ago, ^ number of environmental compounds 

relatively faw. Over me past to years, this number has multiplied significantly and. 



E.-2 



3 



% 



with continuing investigation, the number is bound to increase. For many com- 
pounds, their potential health hazard is discovered during routine investigation be- 
fore marketing to the general public. For otlfers, however, the recognition of their 
toxicity has occurred only after the consequences of widespread contamination* 
Incidents described below represent cases in which die potential health hazard was 
not fully recognized prior to the manifestation of toxicity in a human population,, 
and demonstrete'the^neeessity of identifying early symptom of toxicity. 

In early 1976, an outbrealfof Kepone intoxication occurred in a factory in Hope- 
well, Virginia. Kepone it the commercial n^me for chlordecone,* which since its 
introduction m 1963, has proved to be a highly effective pesticide. In 1975*, many 
factory workers received an acutft high level exposure to the compound,, and various * 
neurological symptoms developed. Af^cted individuals gradually developed tremors 
which their co-workers termed the 'Xfpone-shakes" and exhibited reproductive 
difficulties that br&ogm them the attention of physicians As a consequence of 
the severe symptoms of Kepone toxicity, the pesticide % now has been banned in the 
United States, However, -Kepone from the plant contaminated the James River and 
exerted considerable economic impact on' marine life (Taylor et aC, 1979). Since the 
compound is resistant to degradation, it continues to pollute affected areasu 

In 1975, Shuman ef at (1975) carefully documented the correlation between 
bathing infants in hexachlorophene and the presence of neural disruption, as well as 
muscle, urinary, cardiovascular, and other anomalies. These investigations were 
responsible for the dtsoontinegd use of ^hexachlorophene in household products. * 

A tragic outbreak of polybrominated biphenyl (PBB) poisoning occurred in 
Michigan, in 1973. A f ire-retardant that contained PBB was included miitakenly in* 
shipment of animal food additive. TheJ>BB, was mixed with the animal food and 
shipped throughout the state of TOihipfL fn addition to tht Ipsi of 30,000 cattle 
and other farm animals, farmers and other residents became seriously ill {Schaum- v 
burg & Spencer, 1B80). Developmental consequences of this exposure are unknown. 

During the past 10 years, a significant affort has been devoted to the development of 
' sensitive methods for identifying potential toxicants and for the early detection of 
symptoms. Tests have been devised for the identification of potentially carcinogenic 
compounds; use of tissue cultures have beerj advanced for the<prediction of toxicity, 
and complex biochemical and behavioral regimens have been instituted for the 
identification of subtle manifestations pf low level exposure to toxic compounds. 
Methods utilized in toxicologicat research span the entire scientific arena uniting 
such divert© .disciplines as molecular biology, physiology, biochemistry, pharma- 
cology, and psychology. # * 

Hie immature orgabism is at a particularly high*nsk for many environmental sub- 
stances (e.g., heavy metals, pesticides, food additives) that exist in the parental 
environment Compounds, which in the adult organism only temporarily tflsruptthsf 
maintenance of an already established biological function, may/in the developing 
organism, totally prevent the function from folly developing and thereby -after the 
entire process of development The previously mentioned consequences of inappro- 
priate hormone levels during development are excellent examples. Furthermore, in 
utero, the fetus may be disturbed as a consequence of maternal use'of alcohol, 



nicotine, caffeine, or other abused drugs. Even hyperthermia, caused by excessive 
sauna use, has been suggested to have teratogenic potential {Layde et a/., 1980) and 
the inclusion of blighted potatoes in the* diet has been correlated with birth defects 
(Renwick, 1972); although date are not conclusive (Emanuel & Sever, 1973; Master- 
sonnet a/., 1974; Mun *r a/., 1975). It is ml likely that the risk to child health can 
be eliminated co' pletely. However, with appropriate research investigations and the 
o establishment of preventative measures; the number of potential toxicants may be 
reduced, so that danger to the developing organism can be minimized. 
To reach maturity, the conceptus must undergo complex biochemical and morpho- 
logical changes. During the first stage (the Differentiation stage), damage to the 
developing organism is usually air or none. Either all cells die and no embryo is 
formed, or a few ceHs survive and produce a normal embryo. During the second, 
(embryonic) stage, however, severe malformations can result from exposure to 
environmental compounds. II is during this period that the proliferating cells begin 
to formulate organs and the embryo may be highly sensitive to environmental pol- 
lutants. Since different organs mature at different rates, the same compound may 
affect * variety of organs depending upon the time and duration of exposure. In the 
third (fetal} stage the probability of gross malformation decreases since organs reach 
8 . Period of marked differentiation. However, some structures, such as the nervous 
system, remain highly susceptible t» teratogenic compounds untiMate pregnancy el- 
even duringthe .postnatal period. Because of the relatively tete maturation of the 
nervous system and the synchrony of neuronal devefopn^nt, even transmit ex- 
posure to an environmental toxicamjiiay have severe influences on the nervous, 
system. Entire populations ©f neuronal elements may Ite^Bminated, while others 
(mat already have differentiated)- may be relatively untouched. However, because of 
me missing elements, the organization of me nervous system and its consequent 
functioning are severely disturbed. *' -»' . 

A consideration of the special vulnerability of developing children must include in 
u*ero exposure to drugs and" particularly drugs of abuse. Although it has been 
recognizedftat alcohol nas teratogenic potential, only m the past decade haspuWic 
attention been paid to the Fetef Alcohol Syndrome. In *B73, Jones and colleagues 
(Jones «r fa 1973) described a coramon pattern of physical abnormalities in indi- 
viduals whose mothers had abused alcohol during pregnancy. Sine* that time, 
ttundreds of reports of Fetal Alcohol Syndrome have appeared, and the prevalence 
to tite population of partial expression of the syndrome is estimated to be about 3 to 
S Jive births per thousand (Clarren & Smith, 1978). Fetal Alcohol Syndrome consists 
ofat least three characteristics: growth deficits (body weight arxf length); distinctive 
facial characteristics; and indications of central nervous jystem dysfunction. Neural 
disturbances range from mild to moderate mental retardation, with poor coordina- 
tion, neonatal irritability, and hyperactivity in childhood (Morrissey & Mottet, 
1960). . • 

Within tr^jcfinical setting, evaluation of the consequences of prenatal exposure to 
any compound is extremely difficult Mo .hers who abuse alcohol also may abuse 
.cigarettes, other drugs, or may lack proper nutrition. Identification, assessment, and' ' 
investigation of the effects of prenatal exposure to compounds require, therefore. 
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the establishment of an appropriate animal model. In the laboratory, higher mor- 
tality rates occur in offspring of animals receiving high concentrations of alcohol 
(Riley, 1979) and malformations mfty result {Chernoff, 1977; Kronick, 1976; Mor^ 
rissey & Mottet, 1980). Perhaps of equal importance to the quality of child health 
art 1 the behavioral effects of alcofidF exposure in the absence of physics!- signs of 
abnormality (Riley, 1979), Prenatal exposure produc es response inhibition in aqi- 
mals apd a propensity toward preservation of behavioi , which resemble the human 
symptoms of shorter attention spans and periods of inattentiveness. Biochemical 
manifestations of alcohol exposure include abnormal patterns of cellular prolifera- 
tion and a disruption of CNS organization (Banerjee et a/., 1978fEllingboe # 1978). 

' Possibly the best documented example of a toxic neuronopathy is that produced by 
methyl meftury ( Reuhl h Chang, 1979K While the toxic effects of mercury and its 
compounds have been recognized for centuries, they were not recognized assignifi- 
cant environmental heeto hazards until the missive outbreak of hundreds of human 
cases of mercury poisoning in Mirwnata Bay and the Niigata District of Japan in the 
1950s, ami the more recant ootbreak of methylmercury poisoning m Iraq during the 
winter of 1971-1972, The*ciinical symptoms of methylmercury pdisoning include 

Slisturbences and cerebellar ataxis, with complaints' of tingling and pares- 
the fingers followed l?ter by numbness. Cerebral and cerebellar atrophy, 
pathological f indings cf mercurial victims, was consistent withits action es 
a neuronopathic agent How e ver , the fetus also had a high vulnerability toward 
methylmercury toxicity. With low level, prolonged exposure, disruptions of develop* 
ment were Severe, with, exposed individuals displaying evidence of the-decorttcation 
syndrom An die most severe tases, all layers of the cerebral cortex were spongy as a 
remit of complete loss of neurom,^th less prolonged expire, the severity of the 
symptoms was reduced, but motor derast^jriental disturbances, decreased alertness, 
and -changes in emotional state occurre^T^ the present time, it appears that the 
amount of physical and mental recovety maap by the victims of fetal exposure will 
be very slight, B - w 

As a result of scTehtific inveetigatrons, significant advances have been made toward 
understanding the consequences <4f toxic exposure. The number of infant deaths and 
fetal malformations has decreased. As a consequence of educational campaigns 
devoted to reducing thf prevalence ot pregnant females ingesting large quantities Of 
socially acceptable drugs, risks to die developing organism have declined. Further- 
more, increased knowledge about the vulnerability of die fetus, has eliminated the 
routine prescription of potentially dangerous compounds to pregnant' individuals*, 
The^nvironmental ride to the developing fetus consequently ha> been reduced sub-" 
stawftally during the past decade. 

Emergence from the womb, however, does not present the infant with a safe £nd 
secure habitat In p^Pticular, the continued maturation and organization of the 
nervous system postnatalty place the infant* at special risk for a variety of neuro- 
toxtcants. Children are more likely to ingest toxic substances and, once ingested, 
children often exhibit a low ability to metal u?e the compounds. Furthermore, 
because of the immaturity of die Wood-bra barrten the CNS of children may 
receive especially high concentrations of ing^aftf materials; Environmental pol* 



lutants, therefore, may exert severe, and often fatal, influences on the developing 
organism. . .- 

Lead poisoning is pertjapfthe best known example of an environmental toxicant for 
which children Wetparticutorfy high risk. Humans- carry a greater lead burden than 
they do for any of the other heavy metals (Morrissey & Mottet, 1980), and within 
. similar environmental conditions; children have higher blood levels than adults 
"'(EPA, 1977). Because children indiscriminately ingest various substances, children 
living in urban environments (especially in older houses in- which lead paint or 
plaster are peeling and easily accessible), are at high risk to lead intoxication. Emis- 
sion of lead via aujombile exhaust or industrial practice also. constitutes a threat and 
^particularly is prevalent in city dwellings, in addition; children appear to have an 
"enhanced rate of lead* absorption -increasing the proportion of ingested material 
available for organismic damage (Krigmanef a/., 1980). " j 

Clinical symptoms recognized as a consequence of lead intoxication have been 
known since. the time of Hippocrates {Waldron, 1966). Since lead crones the 
placenta (Barltrop, 1969), exposure of pregnant females to high levels of lead may 
cause abortion of the fetus iWilson, 1977). Less severe exposure results id en- 
cephalopathy or mental retardation (Barltrop, 1989). Even when such severs 
anomalies are absent, affected children may develop hyperactivity and convulsions 
(Krigmsn era/., 1980). l£ is becoming increasingly evident "mat low levels of lead 
exposure to the fetus and infant can result in mental ha ndicap ranging from minimal 
brain damage to severe mental anomalies. Lead* poisoning also has been implicated in 
.a variety erf neurological diseases, including motor neuron disease (Campbell a* A t 
1970), presenile dementia of AI*eimeMype changes iNiklowiH & Mandybur, 
1975), diffuse demyeiinatkm ©f the cerebral white matter (Vernaart, 19*2), and 
brain tumors in children (Sehretorsf *A, 1977). In animal studies/ it has been 
suggested that lead during ore- and/or postnatal development delays the maturation 
of the nayous system (Carpenter & Pern, 1977; Gitoni, 1973; Press, 1977; Reitere? 
al., 1976), with the brain region affected dependent upon the age of exposure. 

Although the precise mechanisms of lead intoxication still are unknown, during the 
tost decade significant progress has been made in studying the compound. A variety 
of behavioral, neurc^mysiological,. neurochemical, neuropharmacologies!, and neuro- 
morphajogical studies has bean performed in laboratory animals. These studies have 
suggested that lead binds to suf fhydryi groups or com pet itively replaces divalent ions 
suofc as calcium. Effects of lead on enzyme activity and membrane function are 
fomented? ^RMgmarf etal., 1980) and effects of lead on m it ocho n dr ial respiration 
(Hoitzman ei al., 1978) and impairment of estrogen and progesterone secretion have 
been reported (Wide & NHsson, 1977). Lead inhibits adeny^plase activity and 
affects neurotransmitter activity (Kostial & Vouk, 1967; MaflVs & Cooper. 197% 
>Shih&Hanin,1978). ^7 

Prom the available data, the risk to child health from lead exposure appears to be 
caused by multiple factors and differs as a function of the time of exposure of the 
developing individual. Since lead exerts multiple cellular actions, the significance of 
the- exposure depend* upon the dynamics of the developing organism and the 
importance of particular disrupting events to further maturation. It is important, 
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therefore, that the studies of lead toxicity be compared intimately to those of 
normal development. Otherwise, the repercussions of lead exposure to child health 
(and consequent therapeutic measures) will be difficult to evaluate. " 
In spite of .the%ct that the precise, mechanisms of lead intoxication are still un- 
known." recognition of the dangers of lead to the child has become widespread. The 
incidence of accidental exposure has decreased. Media campaigns and educational 
programs have emphasized the importance of protecting children from lead con. 
laminated paTnt and plaster, and the lead burden has declined with the requirement 

. that new automobiles use unleaded fuel (Morrissey & Mottet, 1980) Chelation 
therapy and modern recognitions of the dangers of lead intoxication have reduced 
the^ mortality from childhood lead encephalopathy. However, the morbidity of acute 

f te8d encephalopathy remains high and the risk of minimal brain damajie is still 
apparent , " • - „ 

J^ mitiat necessity for a response to the problems bf lead toxicity required im- 
mediate action and the development of rapid jherapeutic procedures. These pn> 
cedures, white relatively effective in reducing death and grots manifestations tJflead 
toxicity, have been less successful m - dealing wjtfr the subtfe manifestatioiit of low 
level exposure to the compound. With the initial problem attenuated, considerably 
more basic research must be applied to the study of the mode of action of lead on 
the nervous system and the consequent reduction in inequality of child health. 
I^fcides constitute another category of environmental toxicants to which children 

l l lJ^l 1 !'? 1 '. A "T 9 ™ese- compounds, the organpphosphcfus com- 
potyds aiid the polycblorinated compounds have received -the most extensive in- 
yest^aaon. h\ neither case, bojeevar, have significant clinical findings been reported 
in, children, and most studies have not compared neonate and adult toxicity Yet 
biochemical studies suggest that the pattern of symptoms following exposure is not 
the same in the young and in the adult. These compounds-exert significant influ- 
ences on the reproductive system of exposed adults (Eroschenko & Wilsem 1975* 
and in young animals affect sexual differentiation (Gellert, 1978). In a recent study" 
Ke^pone vvas_adm.n,stered to neonatal rats on day 4 postnatal (within me period of 
sew«l differentiation); female neonates exhibited precocious puberty and- cepro= 

£nZLtl e £%$^ (Ge,left ' 197 «;™~«M* suggJthatThe ^gTerm 
consequences of childhood exposure to pesticides haveyiot been fully realiied. In 

!^f e /^!_: e, T e : wnlcn appears to estrogenic action on the reproductive 
sy«em„ (Palmiter & MulvihHI, 1978). the«e is every reason to suspect mat^pS 
of sexual differentiation may be disturbed. Even though The burden of kepone in 
the environment is not increasing, developing children stiff may be at risk since 



The rote of nutrition in child health is so widespread that it is the subject of popular 

SI S5°I!LI!!? m ?l media c ° vera9e< Food additive$ e * ert deleterious influences 
^ IJt^Zj?*^ 10 tW*"**** {C °nnors, 1980) antisocial behavior, 
muscle incoo^nation and cognitive and perceptual difficulties (Feingold. 1979) 
Alteration of the diet has been claimed to be an effective therapy in a substantial" 
portion of the cases {Connors. 1980), The proof of these claims is subject to^ we 
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and II prompt considerable research in the future. Study of the mechanisms of 
action of food dyes is relatively recent, but dyes have been reported to disturb 
neurotransmitter accumulation (Logan & Swanton, 1979), to alter membrane 
permeability # neurons and to alter the ability of the rterve to generate* action 
potentials (Levi tan, 1979). Because pf their prevalence in the human diet, food 
s additives should continue to be a major topic of research interest 

Of recent concern is the widespread use of flavor-enhancing substances, such as 
glutamate and aspartate as food additives (Olney, 1980). These compounds belong 
to a class of substances known tP exeft excitatory effects on the CNS. Unlike a 
variety of synthetic materials* these naturally-occurring compounds lead to relatively 
specific patterns of .neuronal cell death. Th^ dangef^of widespread use of such 
compouo* recently has been reviewed by OlneV (1i980), who noted that the com* 
pounds often ^ct atiditively. Cn the otter haM, federal control of the use of these 
substance*, considers: them in isolation from/each other an<f from the remainder of 
the diet. Such excitatoxins are commdn additives in baby food, in some sod^pop, 
and in commercial soup, etc The market* is one heavily biased toward child con- 
sumption. Since the*combination of various excitatoxins may far exceed the neuro- 
toxic effects of tite compounds taken siftgly, it is imperative that the evaluation of 
these compound* consider the total diet of the child. Baby food may be site, but 
baby food plus soda pop may not *^ ' 

In summtfy, during the past decade, significant progress has been made toward the 
identification and; description of toxic Substances. Although awareness of the con- 
tribution of environmental factors to Human health has escalated during the past 
two decades, reseerch is ^tttl in Jts infancy. A large portion of the laboratory research 
has been performed on the adult organism. Those stud*es that haw rncluded ges- 
tational and/or neonatal exposure have been relatively consistent (even across a wide 
variety of type* of toxfeants) in pointing out that the developing organism does not 
respond to toxicants in Jfje same manner that the adult organism responds. 

Because of the immediate concern for treatment of affected individuals and the 
reduction pf the thceat from the environment/ a large amount of past research has 
had to be priifterfly descriptive in nature/Thes* stytdfes have been excellent, and now 
jt is possible to categorize a variety of compounds according to symptoms, site of 
lesion,, and occasionally, even mode of action. However, mechanic studies (e.g., 
search for the mechanisms of action of the toxicants) have had to take a backseat to 
the more descriptive endeavors. In the next decade, increased emphasis must be 

placed on basic research approaches to the study of toxicants. » 

• « * 

finally, considerable emphasis during the past d^eacfe has teen placed on the de- 
, scription aod study of compounds that produce relatively long-term, severe mal* 
formations *nd/or loss of function. These studies have been invaluable because they, 
in fact, have been the impetus for the removal of many compounds from the 
environment However, while decreasing the risk* of compounds in the environment 
h of great importance, it ts pf lesser value to those individuals already affected orto i 
whom low levil risk remains- imminent. Effective therapy for those individuals re-. ' 
quires on understanding of the modes of action of the $>*te compounds. P^fculariy 
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where the developing r 
level expoture to toxicl 
events with which tht 

Recommendetione for 
into consideration, 
induced deaths and . 
with relatively severe" 



tetion it concerned, tha ability to evaluate the riek tq low 
*HK*mds require; an understanding of the developmental 
compound Interfere*/ 

Mad emphasis in the future should take tht foHbwing 
ol tht obvious neosesity.of reducing enviroftmematly- 
.malformations, p«t re ae tmh' het mmammm m agents 
- .JN« on child health. A* tht incidence of mfentdeethahte 
been reduced, however, it ft now time to tn^mtw^mm^mM 
factor, tfjat reduce tht quality of lifo. Culture mimZLrm^^Z^^ 

increased crowding end consequent increase in denrty of tfwifo^^'tSS^ 
Furth^mort rtlttivtfv.iow level exposure to a <A jj^ZHST^ 

9ation. It is possible, ev*i probable, that etrttin e n v iron m en ta l tftiitfliMi iniii 
reduce tht individual's effectiveness in -nting w^^mSlti^n^n^ 
may extrt beneficial inFjences. Since it it unlikeiy thatw7ea7ramowmo^i^ 
environmental pollutants from tht cniW't world, wt mutt &m£tom!m2bto 

Sat Kt^^lK 1 ^ !2S rti M h is evident 

!?! J, * 8t !? tK>n to^-ChM population it raquirtd. Toxicototitts mutt 
draw from research 1h embryology, devaiopmentei naurob^.andSaSa^ ■ 
psychology to obtain bane information on tht ^l^^i^nTt Z m K. 
the young especially, susceptible to environmental factors, ^™* m " m 
Finally, the past decade has witnessed primarily the emergence of a descriptive 
soence, and it has not yet been possible to synthesize tfrntplSyiccum^ 
What are the factors that are important in predicting the relative sensitivity of the 
young and adults to partlfcuier toxic compound,? Are there structural similarities 
about toxic compounds that enable s to predict their efftcts on human healthTom 

they interact? Identifications of the mechanism pf action of multiple compounds are 
essenW before^hlerw.1 principles will emerge. However, oWsKEon 
suchprpapt^ is formed, the evaluation, of additional compounds can proceed at 

Summary 



The environment if ay essential aspect of the individual's development. Its contri- 

^iM^t a^^Z'TjS" 9 aP ^° priate " imu,i nece-a^ orjamS 
development On the other hand, certain aspects of the environment mav have 
predominantly negative effects. Although every part of the deve3on£K 
sub.wt to this environmental Influence, in recent" years comSeTn^S^ 
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placed^S^the developing nervous systVm. !n another paper, sevaralneurotoxi- 
cants, whjch have been identified and investigated during the past 10 years, have been 
overviewed. For each of these compounds, both the developing individual and the 
adult can \ experience long-term consequences of najrotoxicant exposure. However, 
for many [compounds, the consequences of neurotoxicants are not the same in the 
neonate atyd adult organisms. Consequently, special attention must be paid to the 
study of the developing* organism in any assessment of the consequences of neuro- 
toxic compounds. . ^ ' 
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